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@ Information processing apparatus, infomiation processing method, and recording medium employed 
therefor. 

@ An information processing apparatus comprises a recording medium having at least an underlying, 
electrode and a photoconductive thin film and having an insulating or semiconducting recording region 
capable of accumulating an electric charge; and a probe electrode. The invention relates to an 
information processing method, comprising employing the apparatus ; applying a voltage between the 
underlying ^ectiode and the probe electrode to inject the electric charge into the recording region to 
record Infonnatfon. 
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INFORMATION PROCESSING APPARATUS, INFORMATION PROCESSING METHOD. AND 
RECORDING MEDIUM EMPLOYED THEREFOR 



BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an information processing apparatus including a recording means and a 

reproducing means having both high-density recording capacity and erasing functionality. The present inven- 
tion also relates to an infonmatlon processing method including recording and erasing, and further to a recording 
medium employed therefor. 

More particularly, the present invention relates to a recording-reproducing apparatus and a recording-rep- 

10 roducing-erasing method by which recording is conducted by accumulating an electric charge on a photocon- 
ductive layer, reproduction of the recorded infonmatlon is conducted by detection of the electric charge quantity 
as an electric current or a voltage with a probe electrode, and erasure of the information is conducteti by dis- 
charging the accumulated electric charge by light projection. 

15 Related Background Art 

In recent years, memory elements and memory systems are utilized in a variety of application fields such 
as computers and related apparatuses, video discs, digital audio discs, and so forth, and are the key materials 
in electronics industries. Generally, memory systems are required to have the performances below : 
20 (1) large capacity In small volume, 

(2) quick response in recording and reproduction, 

(3) low error rate. 

(4) low power consumption, 

(5) high productivity and low cost. 

25 and so forth. Heretofore, magnetic memory devices and semiconductor memory devices have been principally 
used for the memory systems. As the results of the recent progress of laser technique, there have come to be 
used optical memory devices and the like employing an inexpensive and high-density recording medium. How- 
ever, the memory devices or methods are desired practically which have still larger capacity and smaller volume 
to adapt to the family use of computors and increase of irtiage information. 

30 On the other hand, scanning tunnel microscopy (hereinafter refen-ed to as "STM") has been developed 
which enables direct observation of the electronic structure of an atom on a surface of a conductor (G. Binnig 
at af.. Phys. Rev. Lett. 49 (1982) 57). By the STM, a real spatial image of an amorphous substance as well as 
a single crystal has become measurable with remarkably high resolution (at a nanometer level or less). The 
STM utilizes the tunnel current which flows through a metallic probe when the metallic probe is brought dose 

35 to an electroconductive substance at a distance of about 1 nm. This current is extremely sensitive to the change 
of the above distance, so that the surface structure of a real spatial image can be traced by scanning with a 
probe so as to maintain the tunnel current constant. The analysis by STM has been applicable only to elec- 
troconductive materials. However, the STM has begun to be utilized for analysis of the structure of a thin insulat- 
ing film formed on a surface of an electroconductive material. Since the apparatus and the means for the STM 

40 are dependent on detecUon of a minute current, the observation can advantageously be conducted without 
impairing the medium and with low electric power. Furthermore, the operation of STM may be conducted in 
atmospheric environment 

Accordingly, the STM is promising in a broad range of applications. In particular, use as a reproduction 
apparatus is actively studied for reading out information written in a sample with high resolution. For example, 

45 Quate. et al. of Stanford University disclosed a method of injecting an electric charge to an insulating layer Inter- 
face by applying a voltage with an STM probe (for recording) and detecting the charge by a tunnel current flow- 
ing the probe (for reproduction) ; (C.F. Quate, U.S. Patent 4.575,822). By utilizing such a method, a memory 
apparatus of extremely high density can readily be realized. 

The process is specifically conducted by the procedure mentioned below by referring Fig. 6 as an example, 

50 A recording medium suitable for the process comprises an electroconductive sificon semiconductor substrate 
1 doped with an impurity, a silicon oxide film layer 2 formed on the substrate 1, and a silicon nitride film layer 
3 fomned on the silicon oxide film layer 2. A probe electrode 5 is brought into contact with the silicon nitride film 
layer. A predetermined voltage is applied to the insulating layer by applying a voltage between the probe and 
the substrate by means of a voltage applying apparatus 4. Consequently, electrons tunnel through the insulating 

3 
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layer, and an electric charge accumulates at the interface in the insulating layer. In Rg. 6. the symbols a. c, 
and d respectively denote regions of data 1 , data 2, data 3, and data 4. The numerals 6 and 7 denote the charge 
(or data) at the positions 1 and 3. respectively. The probe is then removed from the insulating layer surface, 
leaving the electron having tunneled in a trapped state. In reading out the infomiation recorded by the trapped 

5 electrons, the probe is brought sufficiently close to the silicon nitride film layer and the trapped electrons, and 
a voltage is applied between the sulistrate and the probe so as to produce a tunnel current, and simultaneously 
the distance of the probe from the insulating surface is varied. 

Usually, the probe bias for reading out the data is of opposite polarity to the probe bias for the data record- 
ing. The measured tunnel current denotes the presence or absence of an accumulated charge at the Interface 

10 in the insulating layer interface. The region for accumulation of 1 bit of data is as small as an order of 1 (H jim^ 
of the surface area. Consequently, a memory device having a large capacity, for example, of 100 M byte can 
be made in a level of as small as 1 cm^ in volume. 

Quate etal. showed in the aforementioned patent specification that information recorded by "disorder" (e.g., 
physical roughness, variation of an electric state, etc.) formed by physical probing, a focused laser beam, an 

15 electron beam, adhesion of fine particles, orthe like on the surface of a recording medium as well as the charge 
accumulation can be readily be read out by utilizing the tunnel curent. Practically, the recording by charge 
accumulation is promising in view of the density, reproducibility, and readiness of the recording. 

The above-mentioned recording-reproducing method, however, involves a disadvantage that the infor- 
mation once recorded is not readily be erasable. In an erasing step in the above method, access with a probe 

20 is required to every one bit just like in the recording step. Therefore, the time for erasure increases in proportion 
to the amount of eraslon, and rapid response is not readily attained for a broad range of erasure. Further, a 
bias voltage of polarity opposite to the accumulated charge have to be applied. Under such circumstances, 
high controllability is required for the voltage, the distance between the medium and the probe, and so forth. 
Deviation from the opUmum conditions may cause insufficiency of erasure, or further accumulation of an oppo- 

25 site polarity charge. Accordingly, an erasure mechanism or procedure is desired which is accessible to many 
bits at a time without use of a probe. 

SUMMARY OF THE INVENTION 

30 The present invention intends to provide an information processing apparatus, an information processing 

method, and a recording medium employed therefor which are free from the above-mentioned disadvantages 
of the prior art used in recording and reproduction by charge accumulation, giving remarkable high recording 
density, and making erasure easy. 

The intention is attained by the present invention. 

35 According to an aspect of the present invention, there is provided an infonrtation processing apparatus conv 
prising a recording medium having at least an undertying electrode and a photoconductive thin film and having 
an insulating or semiconducting recording-region capable of accumulating an electric charge ; and a probe elec- 
trode. 

According to another aspect of the present invention , there is provided an information processing apparatus 

40 comprising a recording medium having at least a photoconductive thin film layer fomied on an underlying elec- 
trode and having an insuladng or semiconducting recording-layer capable of accumulating an electric charge; 
a light-projecting mechanism for projecting light onto the recording medium ; and a probe electrode. 

According to still another aspect of the present invention, there Is provkJed an Infomiation processing 
method, comprising employing a recording medium having at least an undertying electrode and a photocon- 

45 ductive thin film and having an insulating or semiconducting recording region capable of accumulating an elec- 
tric charge, and a probe electrode ; applying a voltage between the undertying electrode and the probe 
electrode to inject the electric charge into the recording regbn to record information. 

According to a further aspect of the present invention, there is provided an infomiatk>n processing method, 
comprising employing a recording medium having at least an undertying electrode and a photoconductive thin 

so film and having an insulating or semiconducting recording region capable of accumulating an elecfric chaiige, 
and a probe electrode ; applying a voltage between the undertying electrode and the probe electrode to inject 
the electric charge into the recording regton to record infonnation ; and reproducing recorded information by 
detecting the quantity of the electric charge in the recording region by use of a probe electrode. 

According to a stilt further aspect of the present invention, there is provided an infonnation processing 

55 method, comprising employing a recording medium having at least an undertying electrode and a photocon- 
ductive thin film and having an insulating or semiconducting recording region capable of accumulating an elec- 
tric charge, and a probe electrode ; applying a voltage behween the undertying electrode and the probe 
electrode to inject the electric charge into the recording region to record information ; and erasing the recorded 
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information by projecting light to the recording region to raise temporarily electroconductivity of the photocon- 
ductive thin film to discharge the accumulated electric charge through the photoconductive thin film. 

According to a still lurther aspect of the present invention, there is provided an information processing 
method, comprising employing a recording medium having at least an underlying electrode and a pholocon- 

5 ductive thin film and having an insulating or semiconducting recording region capable of accumulating an elec- 
tric charge, and a probe electrode ; applying a voltage between the underlying electrode and the probe 
electrode to inject the electric charge into the recording region to record information ; reproducing recorded 
information by detecting the quantity of the accumulated electric charge in the recording region by use of a probe 
electrode ; and erasing the recorded information by projecting light to the recording region to raise temporarily 

10 electroconductivity of the photoconductive thin film to discharge the accumulated electric charge through the 
photoconductive thin film. 

According to a still further aspect of the present invention, there is provided a recording medium suitable 
for information processing including recording, reproduction, and erasure by use of a probe electrode : com- 
prising at least a photoconductive thin film layer fonmed on an underlying electrode and an Insulating or semi- 
15 conducting recording-layer capable of accumulating an electric charge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates an oudine of a recording-reproducing-erasing apparatus of the present invention which 
20 employs an interface between an insulating thin film and a photoconductive thin film as a recording region and 
has an optical erasing mechanism. 

Fig. 2 illustrates an outline of a cross-section of a recording mediunn of the present invention which has a 
grain-like upper fine electrode as a recording region. 

Fig. 3 illustrates an outline of a recording-reproducing-erasing apparatus which erases recorded infor- 
25 mation by projecting light from an LED. 

Fig. 4 illustrates a block constitution of an STM employed as a recording-reproducing-erasing apparatus. 
Fig. 5 illustrates a block constitution of a recording-reproducing apparatus having combinedly an erasing 
apparatus by use of a laser beam. 

Fig. 6 Illustrates an oudine of a conventional recording-reproducing apparatus which records and repro- 
30 duces information by accumulation of electric charge at an insulating film interface of a hetero structure. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention employs a photoconductive thin film structure as a support for a recording region 
35 capable of accumulating an electric charge, providing an erasing mechanism and an erasing method which 
conduct erasing by light projection to raise temporanly the electroconductivity of the thin film and to discharge 
the accumulated electric charge through the thin film without using a probe, and allows simultaneous access 
to numbers of bits. The invention is described below in detail. 

In principle, the recording is conducted by injecting a carrier (an electron or a positive hole) firom a probe 
40 electrode into a charge accumulating region to change an electronic state or a charge state of the region, and 
reproducing the recorded information by detecting the above change as a change of a current or a voltage by 
use of a probe electrode. 

For formation of the charge accumulating region, any material may be used which has a sufficient level 
density to be occupied by the injected carriers. The levels need not continuously distributed, but may be trapping 
45 levels such as levels at a surface or an interface or levels of an impurity. Application of a semiconducting sub- 
stance or an insulating substance is preferable. The substance may be either inorganic or organic. 

The charge accumulating region is preferably divided physically, whereby delocalization of the record or 
accumulated charge may be restricted and recording density which is dependent on the spreading size of the 
charge can be made higher, and further an Infonmation loss caused by charge diffusion with lapse of time can 
50 be reduced remarkably, improving characteristics. 

The charge accumulating region composed of mutually isolated fine stnjctures may be prepared according 
to a known conventional technique. For example, according to a photolithography technique widely employed 
in semiconductor industry, an insulating or semiconducting thin film can readily be fabricated to form fine struc- 
tures having a size of not larger than 1 00 nanometers. Suitable selection of the material enables fonmation of 
55 the fine structure without patterning. A materia! having molecules or nnolecular assembly an-anged in a column 
state or a cluster state, such as a bacteriorhodopsin film and inorganic ultra-fine particle film has generally 
characteristics of remarioble low electroconductivity between the molecules or the boundaries in comparison 
with the electroconductivity within the molecules or the assembly. Accordingly, fine structures isolated electri- 

5 
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cally mutually can readily be formed without patterning treatment Furthermore, such materials is superior in 
controllability and reproducibility of the size of the fine structures, and are extremely preferable for the present 
invention. 

The photoconductive thin film held between the above-mentioned charge accumulating region and the 

5 underlying electrode is required to be sufficiently thin and uniform to allow a tunnel cunrent to flow. Specifically, 
the thickness is preferably not more than 100 nm and not less than 0.3 nm. More preferably, at a thickness of 
not more than 30 nm and not less than 0.3 nm, sufficent tunnel current can be made to flow without short-cir- 
cuiting the electrodes. The materials constituting the thin film and the method for forming it are not limited at 
all in the present invention. Examples of the applicable materials include inorganic semiconducting materials 

10 such as Si. GaAs, CdSe, CdS, ZnS, and the like which are typical photoconductive material, and a variety of 
photoconductive organic compounds having high freedom for material design. Further, the object of the present 
invention is achieved by known conventional film-forming means such as usual vapor deposition, molecular 
beam epitaxy, sputtering, coating, and so forth. 

In preferable embodiment of the present invention, the thin film employed is constituted by a monomolecular 

15 film or a monomolecular built-up film composed of an organic molecule having a hydrophilic site and a 
hydrophobic site combinedly, and exhibiting photoconductivity. The monomolecular film or monomolecular 
built-up film is extremely convenient for application in the present invention in view of the high orderiiness 
thereof and ease of fonmation of uniform and defectless ultra-thin film. Specif c examples are known organic 
dye molecules having a hydrophilic moiety and a hydrophobic moiety combinedly. Preferable dyes indude 

20 cyanine dyes, merocyanine dyes, phthalocyanine dyes, triphenylmethane dyes, azulene dyes, and the like. 
Further, biotlc materials such as chlorophyll, rtiodamine, chromoprotein such as cytochrome, and the like are 
also applicable. 

A preferable method for forming the organic film layer is a Langmuir-Brodgett method (hereinafter referred 
to an "LB method"). The LB method may be conducted either by vertical immersion or by horizontal lifting. The 

25 film thickness is required in some cases to be several nm or less and be uniform for raising the yield of the 
tunnel current. The LB method readily gives such a film. 

The underiying electrode in the present invention may either be an electroconductive bulk (such as a metal 
plate, or a semiconductor substrate doped with an impurity) or electroconducting thin fBm (such as a vapor- 
deposited metal film) formed on a supporting substrate, which can bo prepared according to a known technique, 

30 The substrate plate may be of any material such as metal, glass, ceramics, plastics, and the like, and also biotic 
materials having remaricably low heat resistance. The substrate may be in any shape, not being limited to a 
flat board shape although a flat shape is preferable. By the aforementioned LB method, the film can advan- 
tageously be fonmed in the same shape as that of the substrate inrespectively of the surface shape of the sub- 
strate. 

35 The present invention is described more specifically by referring to Examples. 

Incidentally, in Fig. 6 illustrating a conventional recording-reproducing apparatus, the numeral 1 denotes 
a silicon substrate ; 2, a silicon oxide film ; 3, a silicon nitride film ; 6, electric charges at a position of data 1 ; 
and 7, electric charges at the position of data 3. 

40 Example 1 

The present invention is explained based on Fig. 1 , 

A glass substrate plate 8 (#7059 made by Corning Co.) was used as the support, which had been treated 
for hydrophobicity by cleaning and keeping standing for one day in a saturated vapor atmosphere of hexame- 

45 thyl-disilazane. On this substrate, a recording medium 14 was fomied which has a laminated structure com- 
prising an underiying electrode 9, a photoconductive thin film 1 0, and an insulating thin film 1 1 . In this recording 
medium, an interface level existing at the boundary 12 between the photoconductive thin film 10 and the insulat- 
ing thin film 1 1 functions as the electric charge accumulating region. The photoconductive thin film 10 and the 
insulating thin film 1 1 are respectively a monomolecular built-up film prepared by an LB method. The recording 

50 medium was formed as below. 

On the aforementioned glass substrate 8, chromium was deposited in thickness up to 5 nm as a subbing 
layer, and thereon gold was deposited in thickness up to 3D nm as the underlying electrode 9 respectively by 
vacuum vapor deposition using a resistance heating method. 

Subsequently, the photoconductive layer 10 was fornied thereon by building up a pigment monomolecular 

55 film according to an LB method as follows. A solution of an azulene pigment derivative (specifically, squary- 
lium-bis-6-octylazulene) in benzene at a concentration of 1 mg/ml was spread over an aqueous phase of pure 
water at a temperature of 1 7°C to fonm a monomolecular film on the water surface. After the benzene was evapo- 
rated off. the surface pressure was raised to 25 mN/m. At this surface pressure kept constant, the substrate 

6 
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plate having the underlying electrode formed thereon was gradually dipped in a direction of the substrate cros- 
sing the water surface at a rate of 5 mm/min, and then pulled up gradually at a rate of 5 mm/min to fonm a two- 
layered Y-type monomolecular built-up film. The same procedure was repeated for required times to prepare 
monomolecular built-up films of the azulene pigment derivative constituted of 2» 4, 6, and 8 layers (1.5 nm thick 
5 per layer). 

Further thereon, an insulating monomolecular film 1 1 was laminated from arachidic acid molecules to form 
an electric charge accumulating region 12 at the Interface with the photoconductive layer. The arachidic acid 
film was laminated in a similar manner as for the azulene pigment film according to the LB method at a water 
temperature of 17*^0 and a surface pressure of 25 mM/m by using chloroform as the spreading solvent at a 
10 built-up rate of 10 mm/min to fonm a two-fayered film (film thickness of 5.5 nm). 

Recording and reproduction was conducted by STM on the recording medium 14 prepared as above and 
having a recording layer 13 composed of films 10. 11. and 12. The results are shown in Table 1. The recording 
was conducted with the STM probe ^lectro<ie 5 kept close sufficiently to the underlying electrode 9 by injecting 
an electric charge by applying a pulse voltage of 5 volts and 200 ns between the STM probe 5 and the underlying 
15 electrode 9. Thereafter, the probe was once removed from the recorded portion, and again brought close to 
the recording medium for reproducing operation and made scan the recording medium in a direction parallel 
to the surface thereof. Consequently, it was confinned that the tunnel cunrent flowing between the underlying 
electrode and the probe increases at the site 15 having the previously accumulated charge. In more detail, in 
the case where the bias voltage given by a voltage applying apparatus 4 in reproduction is 100 mV, the tunnel 
20 current was found to increase by a factor of from two to several tens at the recorded site (or the pulse voltage- 
applied site). The recording medium having a two-layered monomolecular built-up Him was found to tend to 
lose the recorded infomDatlon during a time lapse (e.g.. by being left standing for 24 hours). 

For erasing the infonmalion, light 16 having a central wavelength of about 650 nm was projected from above 
the recording medium. After this operation, the probe was again brought to close to the recording medium to 
25 observe the accumulation of the charge, and it was found that the previously accumulated charge had dissi- 
pated and the information had been erased. The results are shown also in Table 1. 

Even after repetition of the above operation, the probe could be brought close to the recording face without 
destroying the recording layer, and recording, reproduction and erasure could readily be conducted. 

30 

Table a 



35 


Number of layers 


Hecording- 


Erasing 




of monomolecular 


reproducing 


Characteristics 




built— up film 


characterist ics 




40 


2 


Good 


Passing 




4 


Excellent 


Excellent 


45 


6 


Excellent 


Excellent 




8 


Excellent 


Excellent 



Example 2 

50 

A recording medium, which has a lamination structure composed of an underiying electrode 9, a photo- 
conductive thin film 10, and a grain-like semiconductor thin film 1 7 for electric charge accumulation, was formed 
on a glass substrate 8 (#7059, made by Corning Co.) in the same manner as in Example 1 . The outline of the 
structure is shown in Fig. 2. 

55 The photoconductive film 10 was made of a monomolecular built-up film of a phthalocyanine derivative 
(specifically, t-buty{ copper phthalocyanine). The monomolecular built-up film was prepared as described 
below. 

A powdery phthalocyanine derivative was dissolved in chloroform at a concentration of 0.2 mg/ml, and 

7 
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spread on a surface of a water phase at a temperature of 20**C to form a monomolecular film. After removal of 
the solvent by evaporation, the surface pressure of the monomolecular film was raised up to 20 mN/m. At this 
surface pressure kept constant, the substrate plate having the underlying electrode vapor-deposited thereon 
was gradually dipped into the aqueous phase in a direction of the substrate crossing the water surface at a 

5 rate of 1 0 mm/min. and then pulled up gradually at a rate of 5 mm/min to form a two-layered Y-type monomolecu- 
lar built-up film on the substrate. The same procedure was repeated four times to prepare a monomolecular 
built-up film having 8 layers. 

On the other hand, an ultra-fine silicon particle film was employed as the semiconducting thin film, which 
was formed by decomposing gaseous SiH4 by plasma in a vacuum chamber and depositing it on the above- 

10 mentioned photoconductive film 10 in a thickness of 5 nm, and then being left standing at 60**C and 85 %RH 
for 24 hours to oxidize the surface of the ultra-fine particle by water vapor. In this semiconducting thin film, grain 
boundaries 18 exist between the micro-structures. The interface between the electrically isolated micro-struc- 
tures and the photoconductive thin film 10 functions as the charge accumulating region. As described above, 
spreading of the electric charge at the recording and the accumulation was suppressed by physically dividing 

15 the charge accumulating region. Thereby recording density, which has been limited by the size of the charge 
spreading, can be improved, and the infonmation loss caused by charge diffusion during lapse of time can be 
remarkably improved. 

Recording and reproduction were conducted with the recording medium 14 prepared as above and having 
the recording layer 13 composed of the portions of 10 and 17 by STM in the same manner as in Example 1. 
20 Consequently, the probe was readily brought close to the recording face without destroying the recording layer, 
and recording were readily conducted. The probe was once removed removed from the recorded sites, and 
again brought close to the recording medium for reproducing the recorded Information, and the reproduction 
was readily conducted. Further, the accumulated charge was found to be erased by light projection as in 
Example 1. 

25 Observation of the recording medium by scanning electron microscopy revealed that the respective record- 

ing region (namely the ultra-fine Si particles) is not larger than about 1 0 nm in diameter, with the smallest region 
of several nm in diameter, which conresponds to lO-^ ^im^ in area, and the recording density was found to be 
improved by one digit or more in comparison with the recording-reproducing apparatus of Quate mentioned 
before, with the readiness of the formation of the recording medium. 
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Example 3 



By use of the reconding medium having four monomolecular built-up film layers out of the recording 
mediums of Example 1. recording and reproduction were conducted with the recording-reproducing apparatus 
35 shown by the block constitution diagram In Fig. 4, and erasure was conducted as shown in Fig. 3. 

in Fig. 3, the numeral 1 9 indicates a supportfor LED ; 20, an LED ; 21 , a scattering plate ; and 22, projected 
<'9hL 

In Fig. 4. the numeral 23 denotes a microcomputer ; 24. a display device ; 25. a servo and scanning circuit; 
26. a Z-dlrection coarse driving circuit ; 27. an XY-direction coarse driving circuit ; 29. a bias voltage source 

40 and a probe current amplifier ; and 30, a fine movement control mechanism. 

The recording medium 14 was fixed on an XY-stage 32. The XY-stage can be displaced horizontally at an 
accuracy of about 0.1 pm within a range of 2 mm by an XY-direction coarse driving mechanism 31. Firstly a 
region on the recording medium was selected, and the probe 5 was brought near to the recording medium 14 
by use of the Z-direction coarse driving mechanism 28. Further the probe was brought to closer to the surface 

45 of the recording medium at a distance of 1 nm or less by using the servo circuit 25. In this state, a pulse voltage 
of 5 volts and 200 ns was applied to the probe electrode to inject an electric charge into the recording layer 13 
to conduct recording. The probe was then once removed form the recorded site, and again brought dose the 
recording medium for reproduction. The probe was made to scan the surface of the recording medium in a direc- 
tion parallel to the surface, reading out the recorded data according to the intensity of the tunnel current flowing 

50 through the probe. As the result, the tunnel cunrenl was confimned to increase at the sites 1 5 (in Fig. 3) having 
electric charge previously accumulated. Detailedly, at a bias voltage of 100 mV, the tunnel current was found 
to increase by about one digit at the recorded sites (the pulse-voltage applied positions). 

Erasing was then conducted as follows. Onto the recording medium kept fixed on the XY-stage of the recor- 
ding-reproducing apparatus, light 22 was projected from a red LED 20 supported by an LED supporter ia 

55 thrc)ugh a mflky white scattering plate 21 . The scattering plate 21 (transmissivity : 70 %) was provided between 
the LED and the recording medium for the purpose of illuminating the whole recording medium uniformly. There- 
after the light projecUng device was removed away, and the probe 5 was again brought close to the recording 
medium to observe the accumulation of the charge thereon. The charge which had been accumulated was 
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found to have disappeared. That is, the recorded information was erased by light projection. 

Even after repetition of the above operation, the probe could be brought close to the recording face without 
destroying the recording layer, and recording, reproduction and erasure were readily conducted. 

5 Example 4 

By use of the recording medium prepared in Example 2, recording and erasure of data were conducted in 
the same manner as in Example 3. The block constitution diagram of the apparatus employed is shown In Fig. 
5, wherein the numeral 33 indicate a laser driving power source. This experiment was different from Example 

10 3 in that a light beam 36 was used which is an output light beam (the central wavelength of about 650 nm and 
power of about 4 mw) irradiated from a semiconductor laser 34 and collimated to a beam diameter of about 1 
^m by a collimetor 35. The light was projected from above obliquely, so that the probe and the related devices 
need not be taken away for the light projection. In the recording operation, the probe could readily be brought 
close to the recording face without destroying the recording medium or the recording region, and a charge was 

15 readily accumulated by voltage application as in Example 1 (being confirmed by reproduction operation). Fur- 
thermore, upon light projection with the above-mentioned apparatus, the accumulated charge was found to dis- 
appear. Thus recording and erasure of infomnation were found to be readily conducted also with this apparatus. 

In this Example, the light-projected region was in a spot shape limited by the diameter of the beam. How- 
ever, the light beam can readily made to scan a broad range to project tight by moving horizontally the XY-stage 

20 holding the recording medium 14 with the light source being kept fixed. Specifically this can be achieved by 
employing the coarse horizontal driving mechanism 31 of the recording-reproducing apparatus. A driving sys- 
tem for the coarse driving mechanism, which has a resolution and precision of 0.1 \im level or less like the linear 
actuator employed in this Example, is generally most suitable for the mechanism for light beam scanning by 
relative movement of the recording medium. In combination of a recording apparatus and an erasing apparatus, 

25 the use of such a system can prevent complication and enlargement of the mechanism and the whole system, 
since a scanning mechanism need not be provided separately. 

In the case where recording and light erasing are required to be conducted simultaneously and non- 
synchronously, the object of the present invention can be achieved by providing a light scanning mechanism, 
such as a light t^eam system employing a conventional minror, independently of the coarse driving mechanism. 

30 The mechanism or the type of scanning does not restrict the present invention at all. 

The present invention provides an infonmation processing apparatus having a simple erasing mechanism 
and capable of high-density recording (from 10-5 to 10-^ ^im^ per bit). The information processing apparatus is 
also capable of erasing numbers of bits simultaneously, exhibiting higher reproducibility in erasure of a large 
quantity of data, and higher response speed in erasing process. 

35 The information processing apparatus of the present invention does not require such a complicated pattern 

or a matrix-circuit as employed usually in semiconductor memories, thus being suitable for miniaturization of 
not only a recording medium but also the whole apparatus. Moreover, the apparatus of the present invention 
gives remarkable economical effect since an inexpensive organic material may be used for the recording 
medium, and the production process is simple. 

40 



Claims 

1. An information processing apparatus comprising a recording medium having at least an underlying elec- 
ts trode and a photoconductive thin film and having an insulating or semiconducting recording region capable 

of accumulating an electric charge ; and a probe electrode. 

2. An information processing apparatus comprising a recording medium having at (east a photoconductive 
thin film layer fonned on an underlying electrode and having an insulating or semiconducting recording- 

50 layer capable of accumulating an electric charge ; a light-projecting mechanism for projecting light onto the 
recording medium ; and a probe electrode. 

3. The infonmation processing apparatus of Claim 1 or Claim 2, wherein said recording region capable of 
accumulating an electric charge is comprised of mutually isolated fine structures. 

55 

4. The infomiation processing apparatus of Claim 1 or Claim 2, further comprising a relative distance con- 
trolling mechanism for controlling distance between the recording region and the probe three-dimension- 
ally. 

9 
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5. The information processing apparatus of Claim 1 or Claim 2, comprising a bias voltage applying mechanism 
for applying a bias voltage between the underlying electrode and the probe- 

6. The information processing apparatus of Claim 4 or Claim 5, comprising a mechanism for detecting and 
5 controlling the distance between the electrode and the probe or the distance between the recording region 

and the probe according to intensity of electric cunrent flowing between the underlying electrode and the 
probe on application of the bias voltage. 

7. The infonmation processing apparatus of Claim 1 or Claim 2. wherein said photoconductrve thin film is conv 
10 posed of an organic material. 

8. The information processing apparatus of Claim 7, wherein said photoconductive thin film composed of the 
organic material has a thickness of not more than 30 nm. 

15 9. The infonmation processing apparatus of Claim 7 or Claim 8, wherein said photoconductive thin film com- 
posed of the organic material is constituted of a monomolecular film or a monomolecular built-up film of 
an organic compound having at least a hydrophilic moiety and a hydrophobic moiety. 

10. The information processing apparatus of Claim 3, wherein said recording region comprises an insulating 
20 or semiconducting, and polycrystalline or microcrystalline medium having a grain structure. 

11. An Infonmation processing method, comprising employing a recording medium having at least an underiying 
electrode and a photoconductive thin film and having an insulating orsemiconducting recording region cap- 
able of accumulating an electric charge, and a probe electrode ; applying a voltage between the underlying 

25 electrode and the probe electrode to inject the electric charge Into the recording region to record infor- 
mation. 

1Z An Infonmation processing method, comprising employing a recording medium having at least an underiying 
electrode and a photoconductive thin film and having an insulating orsemiconducting recording region cap- 
30 able of accumulating an electric charge, and a probe electrode ; applying a voltage between the underiying 
electrode and the probe electrode to inject the electric charge into the recording region to record infor- 
mation ; and reproducing recorded infonnation by detecting the quantity of the electric charge in the record- 
ing region by use of a probe electrode. 

35 13. An information processing method, comprising employing a recording medium having at least an underiying 
electrode and a photoconductive thin film and having an insulating orsemiconducting recording region cap- 
able of accumulating an electric charge, and a probe electrode ; applying a voltage between the underiying 
electrode and the probe electrode to inject the electric charge into the recording region to record infor- 
mation ; and erasing the recorded information by projecting light to the recording region to raise temporarily 

40 electroconductivily of the photoconductive thin film to discharge the accumulated electric charge through 
the photoconductive thin film. 

14. An information processing method, comprising employing a recording medium having at least an underiying 
electrode and a photoconductive thin film and having an insulating orsemiconducting recording region cap- 

45 able of accumulating an electric charge, and a probe electrode ; applying a voltage between the underiying 
electrode and the probe electrode to inject the electric charge into the recording region to record infor- 
mation ; reproducing recorded infonmation by detecting the quantity of the accumulated elecbic charge in 
the recording region by use of a probe electrode ; and erasing the recorded infonmation by projecting light 
to the recording region to raise temporarily electroconductivity of the photoconductive thin film to discharge 

50 the accumulated electric charge through the photoconductive thin fHm. 

15. A recording medium suitable for information processing including recording* reproduction, and erasure by 
use of a probe electrode : the medium comprising at least a photoconductive thin film layer fonmed on an 
underiying electrode and an insulating orsemiconducting recording-layer capable of accumulating an elec- 

55 trie charge. 

16. The recording medium of Claim 15, wherein said recording region capable of accumulating an electric 
charge is comprised of mutually isolated fine structures. 

10 
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17. The recording medium of Claim 15, wherein said photoconductive thin film is composed of an organic ma- 
terial. 

18. The recording medium of Claim 17, wherein said photoconductive thin film composed of the organic ma- 
5 terial has a thickness of not more than 30 nm. 

19. The recording medium of Claim 17 or Claim 18, wherein said photoconductive thin film composed of the 
organic material is constituted of a monomolecular film or a monomolecular built-up film of an organic conv 
pound having at least a hydrophilic moiety and a hydrophobic moiety. 

10 

20. The recording medium of Claim 15, wherein said recording layer comprises an insulating or semiconduct- 
ing, and polycrystaliine or microcrystalline medium having a grain structure. 
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FIG. 4 
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@ An infonnation processing apparatus conn- 
prises a recording medium (13) having at least 
an underlying electrode (9) and a photoconduo- 
tive thin film (10) and having an insulating or 
semiconducting recording region (12) capable 
of accumulating an electric charge ; and a 
probe electrode (5). The invention relates to an 
information processing method, comprising 
employing the apparatus ; applying a voltage 
between the underlying electrode and the probe 
electrode to inject the electric charge into the 
recording region to record information. 
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